Summary &horbar; To compare digestion in the forestomach of llamas and sheep, the animals were fed four different diets: hay alone (H), low in nitrogen; the same hay with soyabean meal (HS), with barley (HB) and with both soyabean meal and barley (HSB). The 
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Comparative study of Lemosquet et al, 1996) . This efficiency is apparently due to both a higher ruminal digestion rate (Kayouli et al, 1993; Dardillat et al, 1994) , and a lower digestive outflow rate Lemosquet et al, 1996) . The microbial flora in llamas may also be more efficient due to the excellent stability of the physical and chemical conditions in the forestomachs and the greater nitrogen-recycling aptitude of llamas (Lemosquet et al, 1996) . The slower flow may be accounted for by the almost entirely nocturnal rumination of llamas (Dulphy et al, 1997) , and by a generally lower intake level than that found in sheep. ; Lemosquet et al, 1996) . The solution used to warm the forestomach contents contained chromium EDTA to measure the water turnover rate, and therefore the retention time of water in the rumen. The concentration of chromium in the rumen juice was measured after 2, 4, 6, 11 and 24 h for the morning operation, and after 5, 18 and 21 h for the afternoon one.
MATERIALS AND METHODS

Animals
These measurement and analysis methods have already been described by Lemosquet et al (1996) .
Statistical analysis
The average results for each species (with their standard deviations), together with the effects of intra-species treatments and individual effects, were compared using SAS software (1985) . The species effect was tested using the intra-species residual standard deviation. A total of 32 observations were used in most cases.
RESULTS
Intake of hay (table II) The hay intake of the llamas, expressed per kg liveweight, was lower than that of the sheep (-9% for H; -12% for HS; -22% for HB; -27% for HSB).
The added soyabean meal did not cause a decrease in intake between H and HS. In contrast, there was a non-significant decrease in hay intake between HB and HSB (-0.38 g/g for the llamas and -0.34 for the sheep).
The added barley produced a significant decrease in the hay intake in the llamas (-0.40 and -0.52 g/g) but not in the sheep (-0.05 and -0.18 g/g). This was probably because the llamas were fed ad libitum, whereas the sheep were restricted.
Digestibilities (table III) On average, the digestibilities of DM, OM and NDF were significantly higher in the llamas than in the sheep (respectively, + 2.7, + 3.6 and + 5.3 points for the four diets). This was also the case for the digestibility of hay alone (+ 3.8 points) and for the digestibilities of the hay fed with added barley (+ 5.8 points). These digestibilities were estimated assuming the digestibility of the concentrate to be equal to the values published in the Inra tables (1989), for both species.
The addition of soyabean meal alone had a non-significant negative effect (-2.5 points) on OM digestibility of hay in the llamas, and practically no effect in the sheep. Effects on cell wall digestibility were never significant.
The addition of barley alone had a nonsignificant negative effect in the llamas on OM digestibility of hay (-3 .0 points) and cell walls (-3.4 points). This effect was greater and significant in the sheep (respectively, -5.5 and -5.9 points).
Finally, the effect of adding both soyabean meal and barley was comparable in the llamas to that of adding each of the concentrates alone (-4.2 points for hay OM, significant, but -2.1 points for cell walls, non-significant). In the sheep the effect of adding the mixture of concentrates was also comparable to that of adding each concentrate separately (-4.8 points for hay OM, significant, but -1. points for cell walls, non-significant).
The quantities of undigestible crude protein per kg of hay or ingested feed were higher in the llamas (+ 3 g/kg ingested DM).
Nitrogen retention (table III) However, the retained nitrogen was expressed (% of ingested N, or g per kg LW), the llamas retained significantly more nitrogen than the sheep. This higher retention was mostly due to a lower loss in urine.
The added soyabean meal appreciably increased nitrogen retention except, unexpectedly, for the sheep given barley, in which the added soyabean meal had no significant effect.
On average, the added barley had almost no effect on either the sheep or the llamas. However, it showed a tendency to increase the amount of nitrogen retained when added without soyabean meal and decrease it with soyabean meal, in both species. (table IV) The quantities of fresh matter present in the morning in the forestomach (two first compartments) of the animals and expressed per unit of liveweight were on average 11 % higher in the llamas for diets H, HS and HB, but appreciably lower for diet HSB (-22%).
In the afternoon these contents were on average 15% lower in the llamas for H, HB (-7 .2 and-6.3 h), but had almost no effect on the sheep (-1.6 and -0.2 h). Added barley also caused an appreciable decrease in the llamas (-10.6 and -6.9 h, respectively, for DM and cell walls), and a decrease for DM in the sheep (-7 h).
Finally, the water retention time in the reticulo-rumen was significantly shorter in the llamas (-2 h). In these animals, soyabean meal and barley caused a reduction in the liquid retention time compared with hay alone. In the sheep, only the added barley had this effect.
Characteristics of forestomach contents
When emptying (table IV) The DM values, in terms of the proportion of fresh material, for the forestomach contents before feeding were similar in the two species fed hay alone. In contrast, for all the other diets, and after feeding on hay alone, DM In kinetic studies (table V) pH (fig 1) The time course of the pH during the day always displayed a decrease after feeding, followed by a subsequent increase.
Overall, the pH in the llamas was significantly greater than in the sheep (+ 0.37 points). The difference varied but it was systematic. Only the differences for diet H were non-significant (+ 0.14 points). With added concentrate, the differences reached + 0.46 points.
The added concentrate had little effect on the llamas, and only diet HSB produced a slightly lower pH than the others. Conversely, the effect was more pronounced in the sheep, especially between 1300 and 1500 hours and for the barley-supplemeted diets.
A slight difference was observed between the pH of contents sampled on emptying (total mixed contents) and in the kinetic studies (in-situ bag samples); + 0.15 points for the total mixed contents in the llamas and + 0.10 points in the sheep.
Ammonia (fig 2)
On average, there was more ammonia nitrogen in the forestomach contents of the llamas than in the sheep: + 35 mgm for diets H and HB, which were nitrogen-deficient, and + 20 mg/L for diets HS and HSB. The difference was especially marked for the night samples (2400, 0500, 0900 hours). For the day samples (1300 to 2100 hours) the interspecies differences were non-significant. The added soyabean meal had a marked effect in both species (+ 105 mg/L in the llamas and + 90 in the sheep). Conversely, the barley had almost no effect.
The differences between the concentrations in the total contents obtained by emptying and the sample of in-situ bag content were small: -9 mg/L for the total mixed contents in the llamas, but no difference in the sheep.
Finally, minimum values were low, especially in the sheep, during a long period with diet H, which was poor in nitrogen.
Short chain fatty acids (fig 3)
The SCFA contents of the forestomach contents were 9% lower in the llamas than in the sheep, but the average difference was non-significant, except at certain times and for certain diets: at 1500 and 2400 hours for diets HS and HB.
The proportion of acetic acid was not different on average between the two species. There was a higher proportion in the llamas without soyabean meal (+ 1.9) and a lower proportion in the llamas with soyabean meal (-1.7). The effect of soyabean meal was nil in the sheep and positive (+ 3.8) fig 4) The degradation of milled hay in bags to evaluate the cellulolytic activity of the forestomach contents was significantly higher in the llamas than sheep. The differences in degradation rates were as follows: + 3.6% at 16 h, + 5.3% at 24 h, + 5.6% at 48 h, + 5.2% at 72 h. The difference obtained at 24 h then persisted thereafter.
Added soyabean meal had only a weak effect. Added barley only slightly diminished hay degradation in the llamas, between 4 and 48 h, whereas it had a strongly marked negative effect in the sheep. Consequently, the differences in favour of the llamas, which occurred with diet H and tended to diminish with diet HS, widened appreciably with added barley.
DISCUSSION
The initial objective to equalize the intakes of the llamas and sheep was not fully reached. By appreciably restricting the intake of the sheep, the difference in the prestudy ad libitum intakes was strongly reduced, however. Even so, the digestiblity of the hay remained appreciably greater in the llamas, consistent with results obtained previously (Dulphy et al, 1998) . In addition, the llamas minimized the negative effect of barley on the forage digestibility as has been shown before ; Lemosquet et al, 1996) . Added soyabean meal had almost no effect.
A slight advantage for llamas would be due to differences in selection of more digestible particles during ingestion. However, Lemosquet et al (1996) (Engelhardt and H61ler, 1982) . This is an interesting feature, but could be a hazard if the feed is too rich in nitrogen, especially soluble nitrogen (Kayouli et al, 1993) .
The quantities of forestomach contents were comparable, for the basic hay-only diet, to the quantities found by Dulphy et al (1994) . The addition of concentrate also had a classical negative effect (Remond et al, 1995) on these quantities. However, in contrast to the results of Dulphy et al (1994) and Lemosquet et al (1996) (Dulphy et al, 1997) .
In (Lemosquet et al, 1996) , but which corresponds to abundant gastric and salivary secretions known to be rich in bicarbonate (Rubsamen and Engelhardt, 1979) . The high bicarbonate contents could explain the numerous bubbles observed in the sampling tube when llama forestomach contents were mixed with the acid of the conservator.
In addition to the favourable characteristics of the forestomach contents, it is also probable that the higher water turnover rate in the llama forestomach helps to increase the cellulolytic activity, in particular through faster elimination of fermentation products and substances detrimental to microbial growth.
The fermentation pathways were similar in the two species, with a little more butyric acid being produced in the sheep, but fewer minor SCFA S . Jouany et al (1995) report a higher proportion of butyric acid in the forestomach of llamas.
The choice of diets and levels of intake gave retention times and levels of ammonia in the forestomach which were often identical in the llamas and sheep. This made it possible to measure the effect of these two factors on the digestive superiority of llamas. In the only case (hay alone) for which retention time was clearly increased (+ 50%), the digestibility of NDF was only increased by 5% (NS) in comparison with the diet hay + soyabean meal. The increase in the ammonia level following soyabean meal distribution has a variable effect on digestibility. These two factors then only partially explain the digestive superiority of llamas.
In-vivo digestibilities of hay and 24 h insitu degradations were very similar, and above all very well related (R = 0.956 for eight pairs of results, llamas and sheep together). This confirmed that the observed differences between diets or between species were mainly related to microbial activity levels. The microbial activity levels depended on the stability of forestomach pH, especially when cereals are given to the animals.
In conclusion the greater digestive efficiency of llamas is explained by higher levels of microbial activity. These differences in activity levels seem to begin as early as the beginning of the fermentation . Are 
